Abstract Sarcopenia is defined as age-related lean tissue mass (LTM) loss resulting in reduced muscular strength, physical function, and mobility. Up to 33 % of older adults currently are sarcopenic, with likely many more undiagnosed. The purpose of this investigation was to predict sarcopenia status from easily accessible functional measures of community-dwelling older adults. Forty-three community-dwelling older adults (n = 32 females and n = 11 males) participated in the present investigation. Inclusion criteria included ≥65 years of age, mini-mental state examination score ≥24, and no falls within previous 12 months. All subjects completed their appendicular skeletal mass (ASM) assessment via dual-energy X-ray absorptiometry (DXA) and were categorized as either sarcopenic or non-sarcopenic. Physical assessments included 10-m usual walk, hand-grip (HG) strength, 6-min walk, 8-ft up-and-go, 30-s chair stand, 30-s arm curl, and sit-tostand muscular power. A forward, stepwise multiple regression analysis revealed that age, sex, weight, height, 10-m walk, HG, and sit-to-stand muscular power account for 96.1 % of the variance in ASM. The area under the curve was 0.92 for correctly identifying sarcopenic participants compared to their actual classification. This is the first prediction model used to identify sarcopenia based on parameters of demographic and functional fitness measures in community-dwelling older adults. The ability to accurately identify sarcopenia in older adults is imperative to their quality of life and ability to perform activities of daily living.
Introduction
In the USA, there are 40 million older adults with an expected increase of more than twofold by 2050 (Centers for Disease Control and Prevention 2013) . With this anticipated rise in the older adult population also comes an increased burden on the health-care system. It is estimated that older adults contribute $555 billion to annual health-care costs (Centers for Disease Control and Prevention 2013) with nearly $19 billion directly related to declining lean tissue mass (LTM) (Janssen et al. 2004) . Termed sarcopenia, age-related LTM reductions affect approximately 24 % of adults over 65 years with the prevalence reaching 50 % after 80 (Baumgartner et al. 1998) . LTM declines as much as 1.0 % per year after 20 years and accelerates more drastically after age 50 (Doherty 2003) . While total-body LTM loss is detrimental to the health of older adults, the more important are the reductions in appendicular skeletal mass (ASM) (Visser et al. 2000 (Visser et al. , 2002 . A loss of ASM is attributed to reduced muscular strength (Goodpaster et al. 2006) , functional capacity, and ability to perform activities of daily living (ADLs) (Janssen et al. 2002) .
Reduced LTM may remain undetected due to a lack of accessibility to body composition assessment. Detecting sarcopenia requires a reliable method of LTM determination such as a dual-energy X-ray absorptiometry (DXA) or computed topography (CT). These types of equipment are not widely available in clinics, nor commonly used as LTM assessment when performed in health-care settings (Cesari et al. 2012) . Thus, other sarcopenia classification measures are needed in the absence of DXA (or CT) to assess LTM. Prediction models exist that estimate LTM from functional parameters; however, these existing models use bioelectrical impedance analysis (BIA) to quantify LTM (Campbell and Vallis 2014; Ishii et al. 2014) . BIA algorithms are dependent on many factors that are more variable among older adults when compared to younger populations (Batsis et al. 2013 ). Compared to DXA, LTM differs up to 24 % when measured with BIA (Kim and Kim 2013; Kyle et al. 2003; Sergi et al. 2014 ). In addition, BIA reports only total-body LTM and not appendicular LTM, a more important factor when performing ADLs (Visser et al. 2000 (Visser et al. , 2002 . Thus, prediction models using LTM ascertained from DXA will potentially be more precise and reduce error when classifying sarcopenic status. Therefore, the primary aim of this investigation was to determine which assessments most closely predicted low lean mass among communitydwelling older adults by measuring LTM via DXA.
Methods

Study population
Subjects were recruited from a retirement community via advertisements, flyers, and word of mouth. Preliminary screening included physician clearance, mini-mental state examination (MMSE) (Cockrell and Folstein 2002) , and health history questionnaire (HHQ). Participant inclusion criteria included ≥65 years of age, MMSE score ≥24, no self-reported falls within the previous 12 months, and absence of unstable or unmanaged cardiovascular disease, diabetes, or hypertension. This project was approved by the Institutional Review Board of Land-Grant Midwest University, and informed consent was obtained from all interested participants prior to any physical assessments.
Body composition assessment
Height and body weight were measured using a Detecto Physician's Scale (Webb City, MO); measures were recorded to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated as the body mass (kg) divided by the height (m 2 ). Dual energy X-ray absorptiometry (DXA; GE, Medical Systems, Madison, WI) was used to assess total-body composition, including lean tissue and fat mass. For consistency, all scans were analyzed by the same investigator. Appendicular skeletal mass (ASM) was calculated using the sum of LTM from the arms and legs. ASM was expressed relative to BMI in order to account for body mass (ASM/BMI) and was used to determine sarcopenic status. Sarcopenia was defined as <0.512 and 0.789 for women and men, respectively (Studenski et al. 2014 ). This value was chosen due to its strong association with mortality among older adults (Cheung et al. 2016 ).
Physical parameters
Muscular power
Lower body muscular power was assessed using the Tendo Weightlifting Analyzer (Slovak Republic) (Glenn et al. 2015) . Each participant sat in a standard chair (seat height = 0.43 m) with the Tendo attached to their waist. With their arms crossed over their chest, each participant stood up as quickly as possible. Five chair stand trials were completed with 60-s rest between each trial. The average and peak muscular power for each stand was recorded. The average of the trials was computed and used in the analyses. Relative muscular power was calculated for each individual (W/kg) to account for differences in body weight. Chair stand power is a valid and reliable measure of lower-body muscular power assessment for older adults (Gray and Paulson 2014) .
Functional assessments
Parameters of functional fitness were assessed using arm curl (upper-body strength), chair stand (CS; lower-body strength), 8-ft up-and-go (UPGO; agility), and 6-min walk (6-MW; aerobic fitness). Each test was completed based on the previously established protocols by Rikli and Jones (2001) . The assessments have high previously established test-retest reliability (0.93-0.97) for all measures (Hesseberg et al. 2015) . The 10-m walk is a reliable (Adell et al. 2013 ) and valid assessment of functional fitness (Peters et al. 2013 ) among community-dwelling older adults. Walking velocity was performed over a 20-m total distance in a well-lit hallway. Each participant began at a cone placed 5 m behind the first timing gate (Lafayette Instruments, Lafayette, IN) and was instructed to walk to a second cone positioned 5 m beyond the second timing gate. The middle 10 m was used in the analyses to calculate gait velocity. The 5 m distance at each end guarded against potential acceleration and deceleration associated with the assessment. For walking speed conditions, participants were instructed to walk the entire 20 m distance at their usual pace or as quickly, but as safely possible for the habitual and maximal walking speeds, respectively. For each condition, two trials were completed and averaged. Ten-meter usual walking speed reliability is 0.93 (Peters et al. 2013 ); test-retest reliability is 0.86 for maximum walking speed (Adell et al. 2013 ).
Muscular strength
Hand-grip (HG) testing determined muscular strength (Lauretani et al. 2003) . All HG measurements were administered by a trained technician and measured in kilograms using a handheld, digital grip strength dynamometer (Takei Scientific Instruments, Niigata City, Japan). All measurements were performed on the preferred hand with the subject standing, arm down at the side, wrist in neutral position, and interphalangeal joint of the index finger maintained at 90°. Participants maximally squeezed the handle for a minimum of 3 s; standard encouragement was provided. The test was repeated three times on the preferred hand with 60-s rest between trials. The greatest of the three trials was used as the final strength measurement. High test-retest reliability for the HG strength test has been previously recorded (ICC = 0.95) (Bohannon and Schaubert 2005) .
Data analysis
Values are presented as mean ± SD. A one-way ANOVA was performed to determine differences between sexes. Potential multicollinearity issues between the predictor variables were detected using variance inflation factor (VIF). Multicollinearity (>10) between average and peak muscular power was detected; thus, average muscular power was removed from the analysis (due to peak muscular power's greater association with lean mass). Forward, stepwise multiple regression analysis was conducted on the prediction group by adding one variable at a time to the model, provided the F statistic was significant (entry criteria α = 0.05). The predictors included in the analysis are as follows: sex, age, height, body weight, HG, 10-m maximal walk, and peak muscular power, and these variables were utilized to develop prediction equations for ASM. The forward stepwise multiple regression analysis was also performed using the following variables: sex, age, height, body weight, HG, and 10-m maximal walk. Using the predicted ASM values, ASM (ASM/BMI) was computed. Differences in measured and predicted ASM/BMI were determined using a pairedsamples t test and a Pearson correlation coefficient to determine the strength of the association between these two variables. A receiver operating characteristic (ROC) analysis assessed the area under the curve and determined the prediction model's ability to correctly discriminate sarcopenia status along with sensitivity and specificity. All analyses were computed using Statistical Package for Social Sciences (SPSS, version 22, Chicago, IL). Table 1 includes the group characteristics for all independent variables. Based on the definition by Studenski et al. (2014) , 10 % of the current samples had muscle mass (ASM/BMI) below the reference population and were characterized as sarcopenic. Statistical differences between the two groups were noted for hand-grip strength (p = 0.04); individuals with sarcopenia had on average 40 % less hand-grip strength compared to their non-sarcopenic counterparts. No other differences existed between sarcopenic groups. Sex differences are presented in Table 2 . Men scored higher on all variables with the exception of 10-m maximal walk.
Results
For the stepwise multiple regression procedure, seven variables remained in the analysis (Table 3) . The regression analysis revealed that 96.1 % of the variance in ASM was accounted for by the following variables: age, sex (0 = male; 1 = female), body weight (kg), height (cm), hand-grip (HG) strength (kg), maximal walking time (s), and peak sit-to-stand muscular power (W) (Eq. 1). The correlation between the estimated ASM and measured ASM is 0.98. When removing lowerbody muscular power from the analysis, the remaining six variables accounted for 95.5 % of the variance in ASM (Eq. 2). 
Using the predicted ASM values from the prediction model, we calculated relative appendicular skeletal muscle mass (ASM/BMI). Correlation analysis revealed a strong statistically significant correlation between the measured and predicted values (r = 0.97; Fig. 1) . We used the ROC curve to determine the ability of the prediction model to appropriately classify the participants as sarcopenic or non-sarcopenic. The area under the curve (AUC) using this procedure was 0.92 ( Fig. 2 ) with a sensitivity of 50 % and a specificity of 95 %.
Discussion
Low relative muscle mass identification is difficult in many clinics, as valid and reliable LTM measures are costly and often not readily available in many clinics. Thus, it is imperative to determine alternative measures that appropriately estimate LTM leading to accurate sarcopenia classification. Thus, the purpose of the current investigation was to identify alternative measures for estimating ASM to correctly classify sarcopenic status among community-dwelling older adults. In the present investigation, commonly accessible measurements (sex, age, height, body weight, HG strength, and maximal walking time) predicted nearly 96 % of the variance in ASM among community-dwelling older adults. In addition, results from the ROC analysis revealed a near-excellent ability to predict sarcopenia status from the aforementioned variables (Fig. 2) . Currently, models exist that estimate sarcopenia (Campbell and Vallis 2014; Kim and Kim 2013; Kyle et al. 2003; McIntosh et al. 2013; Sergi et al. 2014) ; however, sarcopenic classification requires an accurate LTM measure, which is difficult to obtain in many clinics. More recently, researchers have attempted to identify alternative measures that adequately predict sarcopenic status using various physical function assessments. However, the only other known prediction models use bioelectrical impedance to estimate LTM (Kim and Kim 2013; Kyle et al. 2003; McIntosh et al. 2013) , which is problematic for older adults (Batsis et al. 2013) . When assessing LTM, bioelectrical impedance varies from DXA measurements up to 24 % (Kim and Kim 2013; Kyle et al. 2003; Sergi et al. 2014) . BIA has been suggested to be a good portable alternative to DXA (CruzJentoft et al. 2010) ; however, BIA makes several assumptions in its algorithms that increase its variable and decrease its accuracy among older adults (Sillanpää et al. 2014) . These inherent issues warrant limited use when more precise alternatives are available. The more important is the ability of an assessment to differentiate between appendicular LTM and total-body LTM (Sergi et al. 2014) . In the present investigation, the ROC produced a higher AUC value when compared to other researchers predicting low LTM among older adults. Rossi and colleagues (2014) found that the AUC for their older adult sample was 0.74; however, their body composition method was BIA. Our method produced AUC values of 0.92 with the DXA utilized as the body composition method in addition to using similar functional measures.
In the newest models defining sarcopenia, physical function measures are included in addition to LTM (Cruz-Jentoft et al. 2010; Studenski et al. 2014 ). In the current investigation, HG strength, walk time, and lower-body muscular power were identified as significant physical ASM contributors, together accounting for more than 96 % of the variance. It should be noted that HG strength alone accounted for nearly 70 % of the variance in ASM, making it a strong independent predictor of ASM. Other investigations have identified HG strength as an influential measure related to physical functioning of older adults (Martin-Ponce et al. 2014) , and the newest guidelines have suggested HG be included as an inclusion variable along with LTM assessment (Studenski et al. 2014 ). However, other investigations have found as little as 22 % of the variance in total-body LTM relative to height accounted for by HG strength (Campbell and Vallis 2014) . Thus, further investigations are needed to determine the influence of HG strength on ASM among older adults.
One limitation of the current investigation is the sole use of community-dwelling older adults. While the sarcopenia prevalence was similar to other studies (Baumgartner et al. 1998; Rolland et al. 2008) , the majority of the present sample was highly functioning so caution should be used when extrapolating results to lower functioning older adults. Another limiting factor is the majority of the participants were female (74 %). While it is well known that men have higher LTM when compared to women (Baumgartner et al. 1998 ), sex was used as an individual variable in the prediction equation to control for this potential confounding variable. If more equitable sex groups had been available, the predictors may have changed; therefore, further research should be performed highlighting specific predictors in males. In addition, care should be taken when extrapolating these results to changes in LTM. LTM and physical function change at different rates; therefore, future studies should focus on the strength of the predictor variables with changes in LTM over time. Although the use of DXA to assess LTM is one of the most used methodological tools (Toombs et al. 2012) , it does come with inherent limitations. DXA is not a portable device and, thus, must be used in a laboratory setting greatly limiting its use in many clinics. In addition, although low and typically perceived as harmless, DXA uses radiation technology. It is well known that ionizing radiation exposure is additive and could potentially exceed yearly limits (Chen et al. 2010) . Finally, the sample size is relatively small, potentially overestimating the prediction values. Thus, validation of this particular prediction model with a larger sample is warranted. We conclude that by using less expensive and more practical LTM assessment methods, physicians and other health-care professionals will be more inclined to assess sarcopenic status among older adults. Early identification can result in faster treatment and potentially fewer complications that arise from sarcopenia.
